The brains of 12 cases of head injury have been submitted to gross pathological study and microscopic examination by the Weil-Davenport method, with special reference to the corpus callosum, internal capsules, and brain-stem in each case. Microglial clusters were observed in 11 out of 12 cases, the most common sites for these being the corpus callosum ipsilateral to the external applied force and the internal capsule and brain-stem contralateral to this applied force. This pattern of distribution of lesions remained constant in all cases. The nature, aetiology, and distribution of these lesions is discussed and it is concluded that such lesions arise from the formation of definite patterns of shearing forces which snap axons. These forces arise from the rotational movements set up within the skull resulting from the relative delay of movement of the brain with respect to the skull and dura mater.
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view that axons might be ruptured by direct force is an old one (Gama, 1835; Jakob, 1913) . Gama believed that the axons were damaged by 'vibration', but the work of Holbourn (1943, 1945) and Pudenz and Shelden (1946) suggests that the gliding and swirling movements of the cerebrum within the cranial cavity may set up shearing forces within the brain substance. Certainly the theory was based on purely physical measurements using a very approximate model for the brain, but Strich's work has shown histological features compatible with such a theory. Indeed, Holbourn's explanation for the resolution of these shearing forces (Holbourn, 1956 , personal communication in the thesis by Strich) would fit very well with the distribution of the lesions described by Strich. As previously noted, little confirmatory evidence exists for this view, as few workers have submitted the brains of head injury victims to detailed microscopic investigation. Strich attri- butes this partly to the difficulty of visualizing by
routine histological methods what are often slight and widely scattered lesions. More recently, Oppenheimer (1968) has studied the distribution of these microscopic lesions by identifying areas of microglial reaction by the method of Weil and Davenport (1933) .
J. M. Clark
This provides a rapid method of scanning for these small areas of brain damage. Such lesions are claimed to correspond with the glial stars noted by Strich.
The microglial reaction is essentially a nonspecific phagocytic response which may occur with various types of neurological damage. In the type of case studied by Oppenheimer, it is a response to axon disruption or petechial haemorrhage within the brain substance (see Luse, 1968) . This paper describes further the distribution of the microglial clusters in cases of head injury resulting from localized external trauma to the skull.
METHODS
Of 57 cases of head injury, all but 12 were excluded because the severity of the gross lesions precluded taking all the desired blocks, or because the survival time was considered insufficient. A minimum survival time of 18 hours was used to select cases, as the microglial clusters which were to be studied are not normally present before this time (Oppenheimer, 1968 (Figs 3 and 4) where the cells have a profuse development of processes.
In the present series, the rate of development of microglial cells appeared to be slower than that described by Oppenheimer (1968) Fig. 9 and cf. findings by the Weil-Davenport method (Fig. 3) ). Lesions showing retraction bulbs were few, but these were present in each case examined (Fig. 10 ) and were again in sites occupied by microglial clusters.
In certain cases microglial cells could be shown to have entered a phagocytic stage, whereupon they stained poorly with the Weil-Davenport stain but showed intracellular collections of neutral lipid droplets by the Herzheimer method. Strich (1956a) . That microglial clusters identical with those described such lesions result from local trauma to nerve by Oppenheimer (1968) , occur in a very high fibres is supported by the observation of axon proportion of cases in which there has been head disruption in sections stained by Holmes's injury severe enough to cause loss of conscious-method in sites occupied by microglial clusters. (e) (f) minute areas of softening visible to the naked eye and corresponding to the lesions noted by many workers. However, these lesions were frequently found where no macroscopic lesion was visible or associated with petechial haemorrhages and such lesions were almost invariably predictable in cases where external trauma had produced atrophy of the white matter with little other macroscopic injury. Several mechanisms have been suggested in the papers by Oppenheimer and Strich to explain why the microglial clusters occur. One of these is that a shearing force is set up as the brain-stem rubs on the tentorium. Indeed, this seems the most likely explanation for the surface lesions which occur particularly in the midbrain and upper pons in the present cases. However, undoubtedly some microglial reaction is produced as a result of disruption of nerve fibres by petechial haemorrhages after the rupture of small blood vessels, and the frequent association between the two types of lesion has already been noted.
Nevertheless, both Oppenheimer and Strich considered that a reasonable proportion of these microglial clusters could arise from the direct snapping of axons by the setting up of shearing strains within the brain. This view that nerve fibres could be snapped by direct violence was first propounded by Gama in 1835 and later supported by Jakob (1913) , but it was Holbourn (1943 Holbourn ( , 1945 who most fully developed the theory, mainly by the application of physical concepts to gelatin models of the brain. By these methods he showed that shearing forces, and not compression forces as suggested by DennyBrown and Russell (1941) , were the most probable cause of the disruptive influence. Holbourn suggested that fibres might snap under such stretching forces, a view supported by the finding in sections stained for axons in the present study and in those of Rand and Courville (1934) , Strich (1956), and Oppenheimer (1968) .
It is possible that the petechial haemorrhages occur when small blood vessels are similarly stretched by such forces. These mechanisms require the formation of shearing forces within the brain and again it is Holbourn who has explained how this may occur. He suggests that some external forces would set up a rotational movement within the skull of the cerebrum due to the inertia of the latter. Indeed, this has been J. M. Clark shown to occur in monkeys (Pudenz and Sheldon, 1946) . Furthermore, the subcortical distribution of stress which Holbourn predicts from such movement is closely paralleled by the site of microglial lesions in the present study.
This rotational movement has been shown to produce two roughly linear stresses at right angles in the two hemispheres (Strich, 1956 ) (see Fig. 1 lc) . Thus the corpus callosum in one hemisphere and the internal capsule in the other hemisphere would be subjected to these forces. Undoubtedly this represents an over-simplification of the resolution of the forces within the brain but present results do tend to support the existence of such a resolution of forces.
Certainly the assumption that the corpus callosum and the internal capsule represent vertical and horizontal axes (as in Fig. llc) is only partly true and applies only to the centre part of the internal capsule. However, the external force is unlikely to be applied in a single plane, and an obliquely applied force producing rotation in two planes would be likely to affect all parts of the internal capsule contralateral to the lesions in the corpus callosum (see Fig. 1 lb) .
Probably the movements of the hemisphere against the restraining force of the falx partly explain the distribution of lesions within the corpus callosum and almost certainly cause the lesions seen on occasions in the cingulate gyrus, often contralaterally to the maximal distribution of lesions in the corpus callosum (Fig. 1lc) . The possible effects of rotational movements in the three planes are summarized in Fig. 11 . It is probable that the results fit to the patterns in Fig. llc and because the majority of external blows were lateralized to one side as indicated in these diagrams.
The distribution of brain-stem lesions ipsilateral to those in the internal capsule may be explained by the transmission of the stretching force to the brain-stem from the internal capsule, the hemisphere rotation tending to stretch one side of the hindbrain more than the other. As previously mentioned, the superficial lesions arise from the brain-stem movement against the tentorium, probably as a result of cerebral rotation. It is doubtful whether the closely investing leptomeningeal sheath which is said to protect the medulla from gross lesions (Lindenberg and Freytag, 1970) 
